Lipopolysaccharide-induced inhibition of connexin43 gap junction communication in astrocytes is mediated by downregulation of caveolin-3.
Astrocytes play a crucial role in maintaining the homeostasis of the brain. Changes to gap junctional intercellular communication (GJIC) in astrocytes and excessive inflammation may trigger brain damage and neurodegenerative diseases. In this study, we investigated the effect of lipopolysaccharide (LPS) on connexin43 (Cx43) gap junctions in rat primary astrocytes. Following LPS treatment, dose- and time-dependent inhibition of Cx43 expression was seen. Moreover, LPS induced a reduction in Cx43 immunoreactivity at cell-cell contacts and significantly inhibited GJIC, as revealed by the fluorescent dye scrape loading assay. Toll-like receptor 4 (TLR4) protein expression was increased 2-3-fold following LPS treatment. To study the pathways underlying these LPS-induced effects, we examined downstream effectors of TLR4 signaling and found that LPS induced a significant increase in phosphorylated extracellular signal-regulated kinase (pERK) levels up to 6 h, followed by signal attenuation and downregulation of caveolin-3 expression. Interestingly, LPS treatment also induced a dramatic increase in inducible nitric oxide synthase (iNOS) levels at 6 h, which were sustained up to 18-24 h. The LPS-induced downregulation of Cx43 and caveolin-3 was prevented by co-treatment of astrocytes with the iNOS cofactor inhibitor 1400W, but not the ERK inhibitor PD98059. Specific knockdown of caveolin-3 using siRNA had a significant inhibitory effect on GJIC and resulted in a downregulation of Cx43. Our results suggest that long-term LPS treatment of astrocytes leads to inhibition of Cx43 gap junction communication by the activation of iNOS and downregulation of caveolin-3 via a TLR4-mediated signaling pathway.